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(54) Sprocket wheel with improved tooth prof Be for greater silentness 

(57) In a roller chain sprocket wheel for a chain 
drive, the profile of each tooth comprises: a proximal 
portion (A-B), an intermediate portion (B-C) and possi- 
bly a distal portion (C-D). The proximal portion (A-B) is 
shaped like an arc of a circle with a radius r * the radius 
(r r ) of each roller of the chain; the intermediate portion 
(B-C) has a complex curvature; the distal portion is 
shaped like an arc of a circle with a radius R, equal to 
the pitch minus the radius of the roller. 
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Description 

The invention refers to the field of sprocket wheels for roller drive chains. The sprocket wheels currently used have 
various types of tooth profiles; in particular, one widely used standardized type of wheel has teeth with a pointed shape 
5 and with a root having a profile shaped like an arc of a circle with a radius r substantially corresponding to the radius of 
a roller of the chain, and with the centre on the pitch circle of the sprocket wheel. 

A problem with roller chains and chain wheels according to the known art. consists in a considerable noise. The 
noise is due partly to the rolls of the chain coming into contact with trie surfaces of the sprocket teeth, partly to the so- 
called "rise and fair of the chain. 
io Attempts have long been made to overcome this drawback and various solutions have been proposed. 

One proposed solution consists in so-called "silent chains". These comprise links with a particular shape to coop- 
erate with sprocket wheels which are also of a particular shape matching the links, so that the links and sprockets enter 
gradually into contact with each other, avoid ng a sudden contact and the related noise. 

United States patent No. 5 397 278, in the name of SUZUKI el al., describes a sprocket wheel for chains suitable 
is for use with conventional roller chains, which decreases the impact between the rollers and the sprocket during opera- 
tion. The toothing of the SUZUKI sprocket has on the leading face of one tooth and the trailing face of the preceding 
tooth, two "meshing" points; on which the roller of the chain rests without going so far as to touch the bottom of a space 
between the teeth, or the root of the tooth, which is made particularly deep. The surface of the distal part of the tooth 
profile is made like the arc of a circle wfth a radius R, where R is the distance between the centre of a roller resting in 
20 the space between the teeth adjacent to that defined by the particular profile and the meshing point on the said profile. 
In other words, the distal surface of the leading face of a tooth, according to SUZUKI, is defined by the envelope of cir- 
cles of the same diameter as that of the rollers, which move according to a circumference that has a radius equal to the 
pitch between chain rollers and a centre positioned in the centre of a roller situated in the adjacent space between teeth. 
Although SUZUKI has probably brought an improvement in the field, it nevertheless does not eliminate the noisiness 
25 due to the rise and fall of the chain. 

The object of the present invention is to obtain a roller-chain coupling that is an absolute improvement over any- 
thing known in the field as regards silentnesa A further object is to eliminate, or reduce as far as possible, both the nois- 
iness due to impacts between the rollers and the sprocket and the noisiness due to the rise and fail of the chain. 
These objects have been achieved with a sprocket as defined in claim 1. Further characteristics are stated in the 
da subsequent claims. 

The new sprocket wheel has a tooth profile comprising a proximal portion shaped like the arc of a circle with a 
radius equal to or slightly greater than the radius of the chain rollers, then an intermediate portion defined by a complex 
line; and lastly possibly a distal portion formed according to an arc of a circle having a radius R, equal to the difference 
between the pitch of the chain rollers and the radius of a roller, and with the centre corresponding to the centre of a roller 

35 resting on the bottom of a space between adjacent teeth. 

The new sprocket wheel allows the chain roller to come into contact with the sprocket teeth gradually, wfth no sud- 
den impact. Moreover, it allows gradual engagement of the rollers and the wheel, always maintaining the chain at the 
same level with respect to the axis of the wheel, and thus avoiding rise and fall of the chain, and allows the rollers and 
the sprocket to mesh with a lead angle with respect to conventional assemblies. 

40 A sprocket wheel of the invention will be described in greater detail below, by way of an urwestrictfve explanatory 
embodiment, with reference to the attached drawings, in which: 

Figure 1 is an explanatory drawing of a sprocket wheel for roller chains according to the prior art: the rollers of a 
portion of chain are shown engaged in the wheel ; 

45 

Figure 2 is an illustration of a sprocket wheel according to the present invention, engaged with a roller chain; 

Figure 3 is an enlarged view of a portion of the sprocket wheel profile according to the invention, compared with a 
portion of sprocket wheel profile according to the prior art (drawn wfth dashed lines); some basic parameters of the 
so sprocket are defined in this figure; 

Figure 4 shows an enlarged profile of a tooth of the sprocket wheel according to the invention: a chain roller 
engaged wfth the sprocket is ateo shown; 

55 Figure 5 shows a further enlargement of the new tooth profile. 

Figure 1 shows a conventional sprocket wheel for chains, referenced 1 , and a conventional roller chain, of which 
only the rollers are shown, referenced 2; in particular, the rollers are referenced 2 1f 2* 2 3 . eta, indicating that 2 1 
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meshes first, then 2 2 etc. Sprocket 1 is illustrated turning in a clockwise direction. It will be seen that as it engages the 
rollers 2, it is subjected to the impact of each said roller when it is received at the bottom of the cavity between two suc- 
cessive teeth. This is a first cause of noisiness in the known chain drive. A further cause is due to the fact that after a 
roller 2 has engaged a relative cavity referenced 3 in the drawing, it is raised and then lowered again, as the chain 
5 rotates; thus the upper course of the chain undergoes a movement generally known as "rise and fair which also con- 
trfcutes to increasing the noisiness of this type of drive. 

The new tooth prof le for chain sprocket wheels according to the present invention will be described below. It is 
drawn with a continuous line in Figure 3 whilst a conventional profile according to US ANSI standards is indicated by a 
dashed line. 

to As can be seen in Figures 2-4, the new wheel 10 has teeth 12 separated by spaces 13; the teeth 12 have a con- 
siderably widened distal part compared with conventional profiles, the number of teeth being the same. In figure 3 some 
important parameters for definition of the profile according to the invention have been indicated. They are listed below: 

p is the sprocket pitch, which coincides with the chain pitch, that is to say with the linear distance between the axes 
75 C r of two successive rollers; 

Dp is the pitch diameter, that is to say the diameter of the pitch circle Cp defined by the centres of the rollers of the 
pari of the chain wound on the sprocket; 

20 D E is the diameter of the outer circle C E , or maximum circle of the sprocket, which is defined by standards; 

a is the angle between the central radial axes a of two successive teeth; 

z is the number of teeth in the wheel; 

r r is the radius of a roller of the chain. 



25 



Having defined the direction of rotation of the sprocket in the direction of the arrow F, the leading profile 12e and 
the trailing profile 12u of the tooth are one a mirror image of the other, that is each tooth is symmetrical with respect to 
30 a racfial plane having as its track the ratfal axis a 

The profile 12e according to the invention will now be described. With reference to a radial symmetry plane, of the 
space 13 between two teeth (indicated with the axis Q, for the profile 12e (or 12u) of a tooth 12 the following portions 
are defined, delimited by points A, B, C and D; portion AB is henceforth called the proximal portion, portion B-C the 
intermediate portion, portion C-D the distal portion. 
35 Point A is the intersection between the axis of symmetry b of the space between two teeth and the root of the tooth 
(or bottom of the space); 

Point Bis the intersection between the pitch circle Cp and the circle defined by a roller that rests in A. 
Point C is defined as the intersection between the distal curve or distal portion and the intermediate curve or por- 
tion. 

40 Point D is the meeting point of the profle 12e with the external circle diameter DE. 

The proximal portion A-B of the tooth profile is an arc of a circumference with a radius r equal to or slightly greater 
than the radius r r of a roller of the chain, with the centre C, on the intersection between the pitch circle and the axisk 
The intermediate portion B-C is defined with the following system of equations: 



0<fi<a 



with: 
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f(x, y,p) = |x - t( Rp • sin/? - ^- R p + 2 R ; • cos/3 - R * • (co Sj 5) 2 ->-p 2 -(n-l)-p). 

-cosCn-a-^-s-Rp-sin (n<z-£))}~ -{y-[-(RpSin,0- 

-•/- Rp 1 - 2 • R?, • cos^ - Rp • (cosfi) 2 + p 2 -(n - 1) -^)-sin(n . a - p) + 

- Rp cos (n-a-jJ)]}" -r- 



wherein: 

x and y are Cartesian coordinates defined with reference to a point of origin O on the axis of the sprocket; x extends 
along the radial symmetry axis of a cavity or space; 

Rp is the radius of the pitch circle of the sprocket: R p = V£ D p 

pis the angle that defines the positron of a first roller or cavity between the teeth with respect to x 
n is the number of rollers meshing simultaneously on the sprocket, with n=1 , 2, 3, 4, eta 
whilst, as stated above, a is the angle between two teeth and p is the pitch. 

The solution of the system by points, for various values of p. a and n, shows that portion B~Crsa complex curve, 
made up of a series of portions of curves. In Figure 5 the curve BC is illustrated, whilst the continuation of the arc CD 
with radius R is shown dashed. 

Portion C D is an arc of a tircumference with a radius R equal to (p-r r ), that rs, equaJ to the pich of the sprocket (and 
of the chain) minus the radius of the roller and with a centre C r on the pitch circle and on the axis b of: adjacent space. 
The portion C-D can have a bevel or be radhised in the vicinity of point D. 

The new profile thus defined has the advantage of allowing the rollers and teeth to enter into contact with each 
other gradually (see Figure 2). Each roller, in the position 2 2 is already well supported on the tooth so as to avoid sud- 
den impacts between the roller and the wheel. Furthermore, it allows each roller to be supported in each stage of 
engagement with the sprocket substantially on the same line as the course of the taut portion of the chain, thus avoiding 
the "rise and fall". 

The length of the portion C-D of the profile according to the invention can be very small or even nil; that is, the pre- 
established aims stated above are achieved even with a sprocket in which the profile of the teeth comprises only the 
"proximal" portion A-B and the Intermediate" portion B-C. 

Claims 

1- A sprocket wheel for roller chains for a chain drive, of the type comprising teeth extending radially and forming 
spaces between them to acccmnodate the rollers of the chain; a pitch circle, an external circle, a number of teeth, 
a pitch, an angle between teeth, being defined in said sprocket wheel, 

characterized in that the profile of each tooth comprises: a proximal portion (A-B) and an inter mecfiate portion (B- 
C), the proximal portion (A-B) being shaped like an arc of a circle with a radius r equal to or greater than the radius 
(r r ) of each roller of the chain; the intermediate part (B-C) having a complex curvature. 

2. A sprocket wheel according to claim 1 , characterized in that the complex curvature of the second portion of the 
tooth profile is defined with the following system: 
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f[x,y,# = 0 

0<fl<a 

— f(x,y,# = 0 
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with: 



f(x. y. /?) - J* - [(R p sin^-^-Rp + 2 Rp c o s ^-Rp ( c °s^) 2 -P 2 -(n-l) p)« 



-cosCn a-^-Rp sin (nc-#]}~ *{y-(-(Rp-sin£- 
20 -7~ R P * 2 " R P ' cos £ ~ R P ' (cos ^ 2 * p2 - (n ~ l > m P> ' sin ( n ' c _ # + 
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wherein: 

x and y are Cartesian coordinates defined with reference to a point of origin O on the axis of the sprocket x 
so extends along the axis of a cavity between the teeth; 

pisthepitch 

Rp is the radius of the pitch circle of the sprocket: R p = V* D 

35 

a is the angle between two consecutive teeth 

p is the angle that defines the position of a first roller or cavity between teeth with respect to x 
40 n is the number of rollers meshing simultaneously on the sprocket, wrthn=1,2, 3, 4, etc. 

3. A sprocket wheel according to claim 1 or 2, characterized in that it further comprises a distal part (OD) curved 
according to a radius ( R ) equal to the pitch minus the radius of the roller and with the centre on the pitch circle and 
on the axis of symmetry of a space adjacent to the tooth considered. 

45 

4. A sprocket wheel according to claim 2, characterized in that each face profile (12e, 12u) of the tooth is a mirror 
image of the other face prof ila 

5. A sprocket wheel according to claim 3 characterized in that roundings or bevellings are provided between the distal 
so portion of the tooth profile and the outer circle. 

6. A sprocket wheel according to claim 3 characterized in that the intermediate portion with a complex curvature 
extends from a point (B) defined as the intersection between the tooth profile and the pitch circle and a point ( C ) 
defined as the intersection between the irrtermerJate portion and the distal portion of the profile. 

55 
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